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FLUIDISED BED PURIFICATION OF BIO-MACROMOLECULES SUCH AS PLASMID 
DNA, CHROMOSOMAL DNA, RNA, VIRAL DNA, BACTERIA AND VIRUSES 



FIELD OF THE INVENTION 
5 A fluidised/expanded bed adsorption process for purification of bio-macromolecules is 
described. The method has been developed to be a first capture step in a downstreann 
process for the production of bio-macromolecules such as nucleic acids, e.g. plasmid 
DNA, chromosomal DNA, RNA and virus DNA, and viruses themselves, and even 
bacteria. 

10 

BACKGROUND OF THE INVENTION 

With the rising interest in gene therapy the need to produce large quantities of gene 
therapy vectors becomes more pressing. Currently 24% of protocols under trial 
employ plasmid DNA as the delivery vehicle for gene therapy and vaccine applications, 

1 5 Viral DNA is also used as delivery vehicle in many gene therapy cases. Given the large 
size of gene vector molecules and the shear sensitivity of the solids produced 
following cell lysis and neutralisation to extract the gene vectors from microbial cells 
or viral material, traditional unit operations such as centrifugation, filtration and 
packed bed chromatography are not especially attractive. Fluidised bed adsorption or 

20 expanded bed adsorption, techniques based on fluidisation, offer considerable promise 
with intractable biological feedstock containing insoluble impurities. 



An e x p an de d b e d is characterised by low degree of bock mixing of th e a dsorb e nt 

media. This means that each adsorbent particle move within a limited volume of the 
25 total bed. An expanded bed is called a stabilised fluidised bed. The stability occur 
when the adsorbent particles make up a so called classified bed, where the larger 
and/or most dense adsorbent particles are positioned furthest down in the bed and the 
smaller and/or less dense adsorbent particles are positioned further up in the bed. The 
adsorbent media used in this invention is designed for use in a fluidised and preferable 
30 in an expanded bed. The size distribution and density variation determine the stability 
of the bed. As used herein, the term "fluidised/expanded" bed refers to that the unit 
operation at least is a fluidised bed and preferable an expanded bed. 
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There are at present at least two commercial suppliers of adsorbents for expanded bed 
chromatography. Pharmacia Biotech AB (Uppsala, Sweden) market Streamline"*^ 
(which utilises adsorbents of cross-linked polysaccharides (agarose) with quartz 
particles incorporated as high density fillers. The adsorbents have a density of about 
5 1 .2 g/ml with diameters being in the range of 125-315 ^im. W092/18237 (Pharmacia 
LKB Biotechnology AB) describe beads for down stream processing comprising a 
polymer matrix into which glass or silica particles have been incorporated, and their 
use in down stream processing, especially stabilised fluidised bed separations. 



10 WO 92/00799 (Kem-En-Tec, UpFront Chromatography A/S) describe adsorbent 

particles having a structure that is characterised by being pellicular or a conglomerate. 
This publication discloses a large number of adsorbents for use in fluidised/expanded 
bed chromatography. 



15 WO 97/17132 (Pharmacia Biotech AB (Uppsala, Sweden) describes adsorbents for 
use in expanded bed chromatography, that is characterised by having a density of 
more than 1 g/ml and comprising a porous polymer base matrix in which a particulate 
filler is incorporated. The filler is characterised by having a density ^ 3 g/ml. 



20 Also described in the literature (oral presentation by E. Boschetti, BioSepra, on Second 
International Conference on Expanded Bed Adsorption, Napa Valley; CA, USA, 21-23 
June, 1998, see conference abstract book, page 14) is the use of small, high density 
particles suitable for fluid bed applications. The adsorbents described are designed to 
reduce the diffusion distance in a porous media inside the adsorbents. The adsorbents 

25 described are favourable to rapid diffusion and therefore compatible with high flow 
rates. 



The adsorbent media commercially available today for fluidised/expanded bed 
chromatography has mainly been developed for protein purification. A fraction of the 
30 media has a high density (> 1 g/ml) to ensure the sedimentation properties needed. 
The high density fraction is ideally inert and non corrosive under the conditions used 
during the particular purification. The high density fraction Is combined with a polymer 
phase with an open pore structure where the target molecule (usually a protein) of 
Interest can bind to a ligand coupled to the polymer. The target molecule is able to 
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diffuse into the pores. Thereby, the target molecule is exposed to binding sites in the 
whole volume of the polymer phase. The target bio-macromolecules described in the 
method here, e.g. plasmid DNA, chromosomal DNA, RNA, virus DNA and viruses 
themselves, and even bacteria are not able to diffuse into the pores of the 
5 commercially available media designed for expanded bed chromatography. Therefore is 
the binding likely to occur mainly to the surface of the media. With the media available 
today this constitute an important limitation of capacity, because of their relatively 
low available surface ares. 



10 WO 97/29190 describes a technique for production of highly purified plasmid DNA in 
E. CoH, which method includes growing plasmid containing cells to a high bio-mass in 
exponential growth, and lysing the cells by raising the pH of the culture to a carefully 
controlled pH value in which chromosomal DNA is denatured, but plasmid DNA is 
reversibly renatured. The plasmid containing feedstock is subsequently processed on a 

15 diethylaminoethyl (DEAE) anion exchanger in an expanded bed process. 

Journal of Chromatography A, 806 (1998) 31-45 describes preparative purification of 
super-coiled plasmid DNA using quaternary amino ethyl (QAE) anion exchange 
chromatography. 



20 



We now describe a method for the use of fluidised bed adsorption or expanded bed 
adsorption as a first capture step for recovery of bio-macromolecules, e.g. plasmid 
DNA, chromosomal DNA, RNA, viral DNA and viruses themselves, and even bacteria, 
from crude biologically feedstock, e.g. recovery of plasmid DNA from an E, Colh lysate 
25 feedstock. Novel particulate materials are also described. 



BRIEF DESCRIPTION OF THE INVENTION 

A first objective is to provide a particulate material {an adsorbent media) that have an 
improved binding capacity for bio-macromolecules, e.g. plasmid DNA, chromosomal 
30 DNA, RNA, virus DNA, viruses as such and bacteria, through a hitherto unrealised 
combination of particle size, particle density and pendant groups (ligands) thereby 
offering certain advantages in chromatographic processes such as fluid bed processes. 
Thus, the present invention also provides a particulate material having a density of at 
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least 2.5 g/ml, where the particles of the particulate material have an average 
diameter of 5-75 ^m, and the particles of the particulate material are essentially 
constructed of a polymeric base matrix and a non-porous core material, said core 
material having a density of at least 3.0 g/ml, said polymeric base matrix including 
5 pendant groups which are positively charged at pH 4.0 such as at pH 6.0 or which are 
affinity ligands for a bio-molecule. 



A second objective of the invention is to provide a method that can handle large scale 
production of bio-macromolecules, e.g. plasmid DNA, chromosomal DNA, RNA, virus 
10 DNA and viruses themselves, and even bacteria from crude feedstock using 

fluidised/expanded bed adsorption as a first capture step. Thus, the present invention 
provides a method for the isolation or purification of a bio-macromolecule, wherein 
said bio-macromolecule is adsorbed to a particulate material as defined in any of the 
claims 1-15. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

We have discovered a method that gives high dynamic capacity in capture of bio- 
macromolecules in fluidised/expanded bed adsorption. The method is able to handle 
large volumes of crude feedstock containing the target bio-macromolecule, 

20 

The term bio-macromolecule is intended to mean any entity of biological origin having 
a molecular weight of at least 20,000 D, e.g. plasmid DNA, chromosomal DNA, RNA, 
virus DNA or viruses themselves, and even bacteria,. It should be understood that 




mod i f ie d variants and analogues of th e s e e ntiti es are also possible within the . srnpe nf 



25 the term as long as the modification or analogues maintain the character of the native 
bio-macromolecule. The bio-macromolecules to be isolated/purified according to the 
present invention preferably have a mofecular weight of at least 50,000 D, such as at 
least 100,000 D or at least 500,000 D such as at least 5,000,000. As an example, in 
E. Coli the molecular weight will typically be 4,200,000 base pairs corresponding 2.7 
30 X 10® D. It will be appreciated that no definite upper limit for the molecular weight 
applies as the bio-macromolecules also include entire cells. However, with respect to 
nucleic acids, e.g. plasmid DNA, chromosomal DNA, RNA, virus DNA, etc. the 
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"molecular diameter" is typically in the range of 0.5-5.0 jim. Viruses typically have a 
"diameter" in the range of 50-100 nm. 



Particulate material 

5 

As mentioned above, the present invention, i,a., relates to a particulate material useful 
for the isolation/purification of bio-macromolecules, i.e. a particulate material having a 
density of at least 2.5 g/ml, where the particles of the particulate material have an 
average diameter of 5-75 y.m, and the particles of the particulate material are 
10 essentially constructed of a polymeric base matrix and a non-porous core material, 
said core material having a density of at least 3.0 g/ml, said polymeric base matrix 
including pendant groups which are positively charged at pH 4.0 or which are affinity 
ligands for a bio-molecule. 



15 In the present context, the terms "adsorbents", "particulate material" and "adsorption 
media" are used synonymous. 



In the present context the expression "conglomerate" Is intended to designate a 
particle of a particulate material, which comprises beads of core material of different 

20 types and sizes, held together by the polymeric base matrix, e.g. a particle consisting 
of two or more high density particles held together by surrounding agarose (polymeric 
base matrix). The expression "pellicular" is intended to designate a composite of 
particles, wherein each particle consists of one high density core material coated with 
a layer of the polymeric base matrix, e.g. a high density stainless steel bead coated 

25 with agarose. 



It is believed that the relatively small diameter of the particles combined with the high 
density play an important role for the useful properties of the particulate material, in 
particular the useful properties in the isolation/purification of bio-macromolecules in 
30 fluidised bed processes. Thus, the average diameter of the particles of the particulate 
material is 5-75 |am, such as in the range of 10-60 jam, such as in the range of 12- 
49 ^m, more preferable in the range of 20-40 ^m. 
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Furthermore, it is believed that a relatively narrow particle size distribution is 
advantageous (bearing in mind that a certain breadth of the distribution is 
advantageous when the material is to be use in a f luidised bed set-up), thus, it Is 
believed that at least 95% of the particles should have a diameter in the range of 5-80 
5 Jim, such as 1 5-45 ^m, preferably in the range of 20-40 jim. 



As mentioned above, the high density of the particles appears to be extremely 
relevant, thus, in general, the density should be at least 2.5, e.g. at least 3.0, such as 
at least 3.5, preferably in the range of 3.5-10.0 g/ml, 

10 

The high density is primarily obtained by inclusion of a high proportion of a dense non- 
porous core materials, preferably having a density of at least 3.0 g/ml, such as at least 
5.0, preferably in the range of 6.0-12.0 g/ml. This will result in particles which are 
pellicular or a conglomerate in composition. Examples of suitable non-porous core 

15 materials are inorganic compounds, metals, elementary non-metals, metal oxides, non- 
metal oxides, metal salts and metal alloys, etc. as long as the density criteria above 
are fulfilled. Examples of such core materials are metal silicates metal borosilicates; 
ceramics including titanium diboride, titanium carbid, zirconium diboride, zirconium 
carbide, silicon carbide, aluminium nitride, silicon nitride, titanium nitride, yttrium 

20 oxide, silicon metal powder, and molybdenum disilide; metal oxides and sulphides, 
including magnesium, aluminium, titanium, vanadium, chromium, zirconium, hafnium, 
manganese, iron, cobalt, nickel, copper and silver oxide; non-metal oxides; metal salts, 
including barium sulphate; metallic elements. Including zirconium, titanium, hafnium, 
vanadium, chromium, manganese, iron, cobalt, nickel, indium, copper, silver, gold, 

25 palladium, platinum, ruthenium, osmium, rhodium and iridium, and alloys of metallic 
elements, such as alloys formed between said metallic elements, e.g. stainless steel; 
crystalline and amorphous forms of carbon, including graphite, carbon black and 
charcoal. Preferred are steel and titanium beads such as stainless steel beads. 



30 It is preferred that the core material of at least 95% of the particles is a steel bead 
having a diameter in the range of 2-40, such as 15-38 jim, preferably 15-35 |am. 



PATENTBESKRIVELSE/22816XX1/JT/JT/26-03.99 




7 



Furthermore, it is preferred that at least 95% of the particles comprises one non- 
porous core material having a diameter which is at least 0.70, such as at least 0.80, 
preferably at least 0.85, of the diameter of the particle. 



5 Alternatively, the core material is constituted by more than one bead, e.g. beads 
having a diameter of less that 20 ^im. 

Typically, the core material constitutes 10-99%, preferably 50-95%, of the volume of 
the particles, and the polymer base matrix constitutes 1-90%, preferably 5-50%, of 
1 0 the volume of the particle. 

When the core material of a large proportion of the particles {>95%) is constituted by 
one bead, the polymeric base matrix is typically less than 50 ^m in thickness (the 
geometrical distance between the core material and the surface of the particle) and 
15 preferable less than 20 |im, even more preferable less than 10 ixm, and most 
preferable leas than 5 fxm in thickness. 



Another important feature of the present invention is the fact that the polymeric base 
matrix comprises either chargeable pendant groups or affinity ligands for a bio- 

20 macromolecule as pendant groups. It is also possible to combine the two sub-types of 
pendant groups. It is currently preferred that the pendant groups comprise chargeable 
moieties selected from polyethyleneimine, modified polyethyleneimine, poly(ethylene- 
imine/oxyethylene), quaternary aminoethyl (QAE) and diethylaminoethyl (DEAE). Such 
group s may he linked to the polymeric base matrix by me a ns of a divinyl su l phono or o 

25 epichlorohydrin linker or by other means of linking known per se or by using the 
chloride corresponding to the group. The first-mentioned possibility is particularly 
relevant for chargeable moieties like polyethyleneimines, modified (e.g. alkylated) 
polyethyleneimines and poIy(ethyleneimine/oxyethyIene)s. The corresponding chloride 
is especially relevant for chargeable groups like quaternary aminoethyl (QAE) and 

30 diethylaminoethyl (DEAE). 



For the binding of bio-macromolecules to the surface of the particulate material 
according to the invention, a large number of different ligands known per se may be 
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employed by coupling to the polymer phase, directly or by the below-mentioned 
activating groups. Positively charged ion exchange ligands are well suited for the 
binding of nucleic acids such as DNA and RNA, well known ligands being DEAE, QAE, 
PEI, and other amino group containing ligands. However, also interchalating ligands 
5 may be employed as well as sequence specific ligands such as complementary 
DNA/RNA strands and artificial oligonucleotides such as RNA. 

Polyclonal and monoclonal antibodies, synthetic peptides and other synthetic chemical 
oligomers, lectins, carbohydrates and hydrophobic ligands may also be relevant for the 
10 binding of virus, bacteria and other bio-macromolecules. 

Such affinity ligands, like the chargeable moieties, may be linked to the base matrix by 
method known to the person skilled in the art, e.g. as described in "Immobilized 
Affinity Ligand Techniques" by Hermanson et al.. Academic Press, inc., San Diego, 

15 1992. In cases where the polymeric base matrix do not have the properties to 
function as an active substance, the polymeric base matrix {or matrices where a 
mixture of polymers are used) may be derivatised to function as an active substances 
in the procedures of activation or derivatisation. Thus, materials comprising hydroxy!, 
amino, amide, carboxyl or thiol groups may be activated or derivatised using various 

20 activating chemicals, e.g. chemicals such as cyanogen brimide, divinyl sulfone, 

epichlorohydrin, bisepoxyranes, dibromopropanol, glutaric dialdehyde, carbodiimides, 
anhydrides, hydrazines, periodates, benzoquinones, triazines, tosylates, tresylates, and 
diazonium ions. 



25 In a preferred embodiment, the pendant group is a polyethyleneimine chain, more 
preferably a polyethyleneimine chains having an weight average molecular weight of 
at least 10,000 D, such as 50,000-2,000,000 0. 

It is also preferred, irrespective of whether the pendant group Is a polyethyleneimine, 
30 that the pendant groups form a tentacular structure on the surface of the particle, A 
tentacular surface structure is preferred to increase the surface area and/or the binding 
sites for large bio-macromolecules themselves. It should be understood that moieties 
like polyethyleneimine may form a coiled structure which is believed to facilitate the 
adsorption of bio-macromolecules. Other ligands suitable for capture of bio- 
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macromolecules such as plasmid DNA are the DEAE and QAE. They themselves do 
not construct a tentacular structure when coupled to an adsorbent media. In 
combination with spacers, ligands like DEAE and QAE can, however, form a tentacular 
structure with enhanced surface area. Also other low molecular weight ligand, e.g. 
5 oligonucleotides, can be useful, in particular In combination with a tentacular surface 
structure. 



The polymeric base matrix is used as a means of covering and keeping multiple (or a 
single) core material together and as a means for binding the active substance. Thus, 
10 the polymeric base matrix is to be sought among certain types of natural or synthetic 
organic polymers, typically selected from 

A) natural and synthetic polysaccharides and other carbohydrate based polymers, 
including agar, alginate, carrageenan, guar gum, gum arable, gum ghatti, gum 

15 tragacanth, karaya gum, locust bean gum, xanthan gum, agaroses, celluloses, 
pectins, mucins, dextrans, starches, heparins, chitosans, hydroxy starches, 
hydroxypropyl starches, carboxymethyl starches, hydroxyethyl celluloses, 
hydroxypropyl celluloses, and carboxymethyl celluloses. 

B) synthetic organic polymers and monomers resulting in polymers, including acrylic 
20 polymers, polyamides, polyimides, polyesters, polyethers, polymeric vinyl 

compounds, polyalkenes, and substituted derivatives thereof, as well as 
copolymers comprising more than one such polymer functionally, and substituted 
derivatives thereof; and 

C) mixture thereof. 



25 



A preferred group of polymeric base matrices are polysaccharides such as agarose. 



The ideal and preferred shape of a single particle is substantially spherical. The overall 
shape of the particles is, however, normally not extremely critical, thus, the particles 
30 can have other types of rounded shapes, e.g. ellipsoid, droplet and bean forms. 

However, for certain applications {e.g. when the particles are used in a fluidised bed 
set-up), it is preferred that at least 95% of the particles are substantially spherical. 
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In one preferred embodiment, the particulate material has a density of in the range of 
3.2-5.0 g/ml, where the particles of the particulate material have an average diameter 
of 15-45 Jim, and the particles of the particulate material are essentially constructed 
of a polysaccharide base matrix and a core material, said core material having a 
5 density in the range of 6.0-1 2.0 g/m^, said polysaccharide base matrix including 
pendant chains of polyethyleneimine, modified polyethyleneimine or poly(ethylene- 
imine/oxyethyiene), said pendant groups forming a tentacular structure on the surface 
of the particle. 



10 Preparation of the particulate material according to the invention can be performed by 
various methods known per se (e.g. by conventional processes known for the person 
skilled in the art, see e.g. EP 0 538 350 B1 (UpFront Chromatography A/S) or WO 
97/17132 (Pharmacia Biotech AB)), for example by block polymerisation of 
monomers; suspension polymerisation of monomers; block or suspension gelation of 

15 gel-forming materials, e.g. by heating and cooling (e.g. of agarose) or by addition of 
gelation "catalysts" (e.g. adding a suitable metal ion to alginates or carrageenans); 
block or suspension cross-linking of suitable soluble materials (e.g. cross-linking of 
dextrans, celluloses, or starches or gelatines, or other organic polymers with e.g. 
epichlorohydrin or divinyl sulphone); formation of silica polymers by acidification of 

20 silica solutions (e.g. block or suspension solutions); mixed procedures e.g. 

polymerisation and gelation; spraying procedures; and fluid bed coating of density 
controlling particles; cooling emulsions of density controlling particles suspended in 
polymeric base matrices in heated oil solvents; or by suspending density controlling 
particles and active substance in a suitable monomer or copolymer solution followed 

25 by po l ymerlsaiiun. ~~ 



In a particular preferred embodiment (which appears to be generally applicable for the 
preparation of the particulate material according to the invention), a particulate 
material comprising agarose as the polymeric base matrix and steel beads as the core 
30 material is obtained by heating a mixture of agarose in water (to about 90°C), adding 
the steel beads to the mixture and transferring the mixture to a hot oil (e.g. vegetable 
oils), emulsifying the mixture by vigorous stirring (optionally by adding a conventional 
emulsifier) and cooling the mixture. It will be appreciated by the person skilled in the 
art, that the particle size (i.e. the amount of polymeric base matrix (here: agarose) 
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which is incorporated in each particle can be adjusted by varying the speed of the 
mixer and the cooling process. 

As will be apparent from the following, the particulate material is highly useful for use 
5 in any chromatographic processes, in particular in fluidised bed adsorption processes. 

The method 

A column designed for fluidised/expanded bed chromatography is used for the 
10 process, e.g. a column with a distribution plate in the inlet, or a column where the raw 
material is distributed properly in a local mixing zone in the bed by a mechanical 
stirrer. The amount of feedstock, and thereby the amount of adsorbent needed, 
determines the size of the column needed for the purification. A suitable column can 
be the commercially available FastLine"^ columns from UpFront Chromatography A/S, 
15 Denmark, or as illustrated in EP 0 538 350 (UpFront Chromatography A/S). 

Fluidisation or expansion of the high density particulate materials (absorbents) 
according to the invention inside a reactor gives the possibility to handle crude 
feedstock. In fluidisation/expansion the adsorbents are lifted up by an upward liquid 
20 flow of buffer or feedstock. The expanded volume between the fluidised adsorbents 
allows feedstock comprising insoluble impurities to pass through the reactor without 
clogging the system. Thus, adsorbent particles having a density larger than the fluid 
and moving downwards due to gravity may be kept in a free, fluid phase by an 
upward flow of fluid. 

-25 — 

Purification of nucleic acid (such as DNA, e.g. plasmid DNA) using chargeable moieties 
such as DEAE, PEI and QAE is advantageous in that the interaction between the 
negatively charged phosphate groups in the DNA molecule and positively charged 
amino groups in DEAE, PEI and QAE facilitates the separation. Other positively 
30 charged ligands is believed to provide the same advantages. 

As mentioned above, the present invention also provides a method for the isolation or 
purification of a bio-macromolecule, wherein said bio-macromolecule is adsorbed to a 
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particulate material as defined above and in the claims. It should be understood that 
the particulate material preferably is present in fluidised form in a fluid bed column. 

In a more specific embodiment, the invention relates to a method for the purification 
5 or isolation of bio-macromolecule, the method comprising the steps of 

(a) contacting a feedstock comprising one or more bio-macromolecules with a fluidised 
bed of a particulate material as defined above and in the claims; 

10 (b) optionally washing the particulate material in order to separate impurities from the 
particulate material and the bio-macromolecu!e{s); and 

(c) eluting the bio-macromolecule(s) from the particulate material. 

15 The adsorbent is fluidised/expanded in the column with a flow of equilibration buffer 
that corresponds to 10-500 cm/h and preferable 200-400 cm/h. The equilibration 
buffer may consists of 10-100 mM buffer (e.g. Tris, acetate, citrate, glysine, 
carbonate, phosphate) and typically have a pH value between 2.0-13.0 such as 4.0- 
8.0, and typically a NaCI concentration in the range between 0.0-0.5 M. Thus, 

20 preferably, the fluidised bed of the particulate material is washed with an equilibration 
buffer prior to contacting with the feedstock. The adsorbent is most conveniently 
equilibrated in the column and the equilibration buffer is preferably applied at least 
until the bed is stabilised. 



25 After the stabilisation of the bed, the bio-macromolecule containing feedstock is 
applied to the fluid bed with a flow rate typically in the range of 100-500 cm/h. 

Typically, a feedstock with bio-macromolecules is pre-treated before it is applied to 
the fluidised/expanded bed. The pre-treatment is, e.g., pH adjustment, lysis of host 
30 cells containing plasmid DNA, cell grinding, precipitation, mechanical removal of solid 
impurities, etc. Host cells are harvested and destroyed mechanically, e.g. by grinding, 
or chemically. Usually are cells destroyed by an alkaline lysis with NaOH and SDS. The 
lysis can be followed by a neutralisation often by addition of acetate to the solution. It 
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can be convenient to remove a major part of the cell debris mechanically before 
applying the raw material to the column. 

Generally, the concentration of the bio-macromolecule such as plasmid DNA in the 
5 feedstock is in the range of 0.1-3,000 ng/ml, such as in the range of 10-1 ,000 ng/ml. 
However, much higher concentrations may be relevant in some systems. 

With respect to the preparation of the feedstock, it is preferred that the feedstock 
which comprises the bio-macromolecule(s) furthermore comprises a salt such as NaCI 
KCI, K2HPO4 or NaS04 in a concentration of 0.0-2.0 M, preferably 0.0-1.0 M, in 
particular 0.0-0.5 M. Furthermore, the feedstock which comprises the bio- 
macromolecule{s) typically furthermore comprises a buffer whereby the pH is kept in 
the range of 2.0-13.0. The buffer may be any one suitable in combination with the 
bio-macromolecule in question, typically a e.g. Tris, acetate, citrate, glysine, 
carbonate, phosphate buffer in a concentration of 5-100 mM, 

As a model system to illustrate the invention and to determine both static and 
dynamic binding capacities a solution containing calf thymus DNA has been used (see 
the examples). The concentration of calf thymus DNA was in the range of 18-2200 
20 )ig/m! in a lOmM Tris buffer system at pH 8-0. 

Another parameter of importance is the amount of particulate material (adsorbent) 
used to purify or isolate a certain amount of the bio-macromolecule. Typically, the 
ratio between the bio-macromolecule and the particulate material (adsorbent) is in the 
range of 0.1-10.0 mg bio-macromolecule/ml adsorbent. 

The effect of NaCI on the binding efficiency can be tested by adding NaCI in varying 
concentrations in the range of 0.0-3.0 M to the calf thymus containing solution. In 
feedstock with dilute concentration of DNA it is normally necessary to add NaCI to the 
feedstock to suppress or prevent cross-linking of the adsorbent particles. 

In the case where plasmid DNA is the bio-macromolecule of interest, sophisticated pH 
adjustments can be use in the pre-treatment process (or as an integral part of the 
adsorption process - see below) and will normally lead to denaturation of chromosomal 




25 



30 



PATENTBESKRIVELSE/22816XX1/JT/JT/26-03-99 



14 

DNA while plasmid DNA is reversibly renatured. The level of contaminants can be 
reduced. Another contaminant Is RNA. The level of RNA can be reduced by a 
treatment of the feedstock with RNAse. In the same way can the level of protein 
contaminants be reduced by a treatment of proteolytic enzymes. Enzymatic treatment 
5 of the feedstock can be performed in various way, e.g. by adding the enzymes to the 
feedstock or by applying the feedstock to a fluidised/expanded bed where the 
enzymatic activity is immobilised onto the fluidised/expanded particles. Enzymatic 
treatment can also be performed on the eluate from the fluidised/expanded bed 
chromatographic step, e.g. if the resolution of plasmid DNA and RNA is low, the 
10 eluate can be treated with RNAse to reduce the level of that contaminant. 

The feedstock is normally applied until a target molecule break through of 0 - 100%, 
preferable 0-50% and most preferable 0-10% is observed. 

15 After adsorption, the particulate material having adsorbed thereto the bio- 
macromolecule is normally (but optionally) washed (step b) with an aqueous 
equilibration buffer including NaCI. The equilibration buffer may consists of 10 mM 
buffer (e.g. Tris, acetate or citrate) and have a pH value between 2.0-13.0 and a NaCI 
concentration in the range between 0.0-1 .5 M, preferable 0.0-0.5 M. 

20 

If desirable, the particulate material having adsorbed thereto the bio-macromolecule is 
subsequently eluted with a NaCI gradient and/or NaOH buffer (0.001-1.0 M) or a 
buffer having a pH of 2.0-13.0 (such as e.g. Tris, acetate, citrate, glysine, carbonate, 
phosphate) or aqueous solutions of monosaccharides. The gradient typically goes from 
25 0-3.0 M NaCI, more preferable 0-2.0 M NaCI and most preferable 0-1 .0 M NaCI. 

Elution can take place in fluidised/expanded or packed bed, fluidised/expanded bed is 
preferred. 

Particularly interesting bio-macromolecules to be isolated or purified by the present 
30 method are nucleic acids, in particular plasmid DNA. 

EXAMPLES 
Example 1 
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In this example is the preparation of a calf thymus PNA solution described. The 
solution is used in example 4-7 for model binding studies. 

The solutions of calf thymus DNA used in example 4-7 for model studies are prepared 
5 in the following way: 

1 00 mg calf thymus DNA (Sigma D 1 501 ) is added to 50 ml 10 mM Tris/HCI pH 8.0. 
The solution is placed at room temperature over night. The solution is sonicated 30 
minutes. The solution is then fractionated in aliquots of 2 ml. The aliquots are spinned 
10 at 1 3000 rpm for 5 minutes. The supernatants from the centrifuged aliquots are 
transferred to new tubes and stores at -20 °C. 

To determine the concentration of DNA the samples are measured at Ajeonm using Milli 
Q water as blank. Ajsonm = 1 corresponds to a DNA concentration of 50 jag/ml. 

15 

The majority of the DNA is between 3000 and 20000 base pair as shown by gel 
electrophoresis. 



Example 2 

20 In this example is the derivatisation of the adsorbents from UpFront Chroma tography 
used in example 3-7 

The term "UFC PEI (20-40)" refers to an adsorption media where the population size 
is within the range 20-40 |xm, and PEI indicates that polyethyleneimine Is used as the 

pen dan t gr^u p (!'G?pH) tHp mpHia i<; prepared from a population of adsorbents haying 

25 a pellicular structure. They have a core material consisting of stainless steel beads (1- 
PSR-2, Anval, Sweden) (preferably only one bead per particle) sized in the range 22- 
44 p.m. A layer of agarose surrounds the stainless steel core bead. The population is 
sieved to get a population size in the range of 20-40 fxm. (An example of this 
particulate material is illustrated in Figure 1 .) 



30 



The term "UFC PEI (100-300)" refers to an adsorption media where the population 
size is with in the range 100-300. PEI indicates that polyethyleneimine is used as the 
pendant group (ligand). The media is prepared from a population of adsorbents having 
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a pellicular structure. They have a core material consisting of glass beads (preferably 
only one bead per particle) from sized in the range 90-150 )im. A layer of agarose 
surrounds the glass bead core. The population is sieved to get a population size in the 
range of 100-300 jim (reference material). 

5 

The adsorbents are derivatised with PEI in the following way: 

50 ml adsorbents (20-40 ^m or 100-300 ^m), 40 ml Mill! Q water (75 **C), 6.3 ml 
epichlorohydrin and 5 ml 32.5 % NaOH is mixed and the solution is shaken for 3.5 
hours. Subsequent is the adsorbents washed with Milli-Q water. The washed epoxy 
10 activated adsorbents are coupled with PEI in the following way: 50 ml epoxy activated 
adsorbents plus 50 ml PEI solution 0.4 g/ml, pH 10.5 is shaken over night. 
Subsequent is the PEI derivatised adsorbents washed with Milli-Q water. 
The ionic capacity of UFC PEI (20-40) is 0.14 mmol (Cl )/ml adsorbent. 
The ionic capacity of UFC PEI (100-300) is 0.185 mmol (CD/ml adsorbent. 

15 

The term "UFC DEAE (20-40)" refers to an adsorption media where the population 
size is with in the range 20-40 ^m as described above, except that DEAE is used as 
the pending group (ligand). 



20 The term "UFC DEAE (100-300)" refers to an adsorption media where the population 
size is with in the range 100-300 as described above, except that DEAE is used as the 
pendant group (ligand). 



ThR adsorbents arp dprivatisftd with HFAF in th^ follnxyinj w^^y 



25 50 ml adsorbents (20-40 |am or 100-300 ^m), 40 ml Milli Q water (75 **C), 4.3 ml 
epichlorohydrin and 2.5 ml 32.5 % NaOH is mixed and the solution is stirred for 3 
hours. The solution is heated to 65 °C and 6.7 g NaOH and 6.1 g DEAE is added to 
the solution. The solution is stirred for 1 hour. Subsequent is 5.8 ml 32.5% NaOH and 
6.1 g DEAE added 2 times with intervals of 1 hour. The heating is stopped and the 

30 solution is stirred over night. 

The ionic capacity of UFC DEAE (20-40) is 0.05 mmol (CD/ml adsorbent. 
The ionic capacity of UFC DEAE (100-300) is 0.08 mmol (Cl*)/ml adsorbent. 
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In the batches produced in this example is the density of the 20-40 adsorbents 
(stainless steel core) 3.7 g/ml, and the density of the 100-300 >im adsorbents (glass 
core) 1.35. 



5 Example 3 

In this example is expansion properties described for UFC PEI (20-40). 
Equipment: A Fastline'^10 (UpFront Chromatography) and a column tube length of 30 
cm, a Verder pump (Pericor) and a magnetic stirrer (Mini MR IKA Labortechnik). 
Method: The settled bed height (hj is 5.0 cm. Milli-Q water is used to transfer the 

10 adsorbents into the column as well as the fluid used during the experiment. The 
column is levelled and the adjustable outlet is placed at the very top of the column. 
The pump and the magnetic stirrer are started. The speed of the magnetic stirrer is 
resulting in a local mixing zone in the bottom of the column that is less than 1 cm bed 
height. The flow rate is adjusted so that the bed expands about 3 times 

1 5 (approximately 4 ml/min). The bed is visually inspected to see if the bed is stable and 
there is no channelling. The expansion data are collected by measuring the expansion 
(h) that corresponds to a certain flow rate. The measurements are made at different 
flow rates. The degree of expansion is measured 1 5 minutes, where the bed height is 
stable after an adjustment of the flow rate. 

20 



Flow rate (ml/min) 


Flow rate (cm/h) 


Degree of expansion (h/ho) 


0 


0 


1.0 


0.5 


38 


1.3 


2.0 


153 


2.2 


4.0 


305 


3.3 


5.3 


405 


4.5 


6.0 


458 


5.1 



Comment/conclusions: 

Unfavourable bed expansion characteristics of typical small diameter beads is negated 
by the use of a very high density support (3.7 mg/ml). The degree of expansion is 
25 below 3.5, when the flow rate is in the range 60-300 cm/h, which is a typical range 
for running fluidised/expanded bed chromatography. 
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Example 4 

In this example is static binding capaciti es of calf thymus DNA described. Experiments 
to describe the adsorption kinetic is pe rformed. Comparative studies of different anion 
5 exchangers are performed. 
Kinetic studies: 

6 identical incubations where performed: 

400 ^il 2.1 mg calf thymus DNA/ml, 10 mM Tris/HCI, pH 8.0 is added to 0.1 ml UFC 
PEI (20-40) adsorbent. This means that 8.4 mg DNA has been added per ml of 
10 adsorbent. The adsorbent is equilibrated in 10 mM Tris/HCI, pH 8.0. The incubations 
where stopped at different times; after 5, 10, 30, 60, 120 and 300 seconds. The 
solutions with DNA where analysed at A^gonm and compared with the Ajgonm value of 
the solution before incubation. 



Incubation time (s) 


Absorbance (260 nm) 


% adsorbed 


mg DNA 

adsorbed/ml 

adsorbent 


5 


23.1 


46 


3.9 


10 


20.2 


53 


4.5 


30 


15.5 


64 


5.4 


60 


15.4 


64 


5.4 


120 


15.1 


65 


5.5 


300 


14.5 


66 


5.5 


Aign.- in thR DNA SOlutinn hftfnrfi inrnhatinn wag nnpa«;iirpH tn Hp A? « Mi/hj»>h 



corresponds to 2.1 mg DNA/ml. 



Comparative studies of bi nding efficiencies of different anion exchangers: 
Static experiment with DNA: 
20 400 ^il 2.1 mg calf thymus DNA/ml, 10 mM Tris/HCI. pH 8.0 is added to 0.1 ml 
adsorbent. This means that 8.4 mg DNA has been added per ml of adsorbent. The 
adsorbent is equilibrated in 10 mM Tris/HCI, pH 8.0. The incubations where stopped 
after 300 seconds. The solutions with DNA where analysed at Ajeonm and compared 
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with the Azeonm value of the solution before incubation. Ajeonm in the DNA solution 
before incubation was measured to be 42.8 corresponding to 2.1 mg DNA/ml. 

Static experiments with bovine serum albumin (BSA): 
5 4000 nl 2.2 mg BSA/ml, 10 mM Trls/HCI, pH 8.0 is added to 0.1 ml adsorbent. This 
means that 88 mg BSA has been added per m! of adsorbent. The adsorbent is 
equilibrated in 10 mM Tris/HCI, pH 8.0. The incubations where stopped after 300 
seconds. The solutions with BSA where analysed at Ajsonm and compared with the 
AzBOnm value of the solution before incubation. Ajeonm »n the BSA solution before 
1 0 incubation was measured to be 1 ,41 . 



Adsorbent/ligand 


Particle size" 
(nm) 


Ionic capacity' 
(mmol (CD/ml 
adsorbent) 


Binding capacity 
(mg BSA/ml 
adsorbent) 


Binding 
capacity" (mg 
DNA/ml 
adsorbent) 


UFC PEI 


20-40 


0.14 


46" 


5.5 


UFC PEI 


1 00-300 


0.18-0.20 


90<^ 


0.6 


UFC DEAE 


20-40 


0.05 


22" 


2.7 


UFC DEAE 


100-300 


0.05-0.10 


70' 


0.3 


Q HyperD (M) 


Av. 50 


0.14-0.18 


100*= 


1.6 


DEAE Sepharose 
FF 


45-165 


0.1 1-0.16 


110"= 


0.2 


Q Sepharose FF 


45-165 


0.18-0.25 


120' 


0.5 
n ? 


STREAMLINE 

DEAE 


— 1 00-300 — 


0.1 3-0. 2J 


40-55° 





a) manufacture's figures 

b) determined in static binding experiments 

c) manufacturer's figures for dynamic capacities 



15 

Comments/conclusions: 

In comparative static binding tests with high molecular weight calf thymus DNA, 1 
support according to the invention, derivatised with DEAE and PEI in particular, 
possesses DNA binding capacities significantly higher than those of commercially 
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available anion exchange media. Not surprisingly, these improvements where achieved 
at the expense of reduced capacities for protein adsorption given the thin layer of 
agarose on the prototype support. 

The kinetics of equilibrium adsorption of DNA to these supports were extremely fast 
5 (10-30 seconds). 

Example 5 

In this example are static binding experiments on UFC PEI (20-40) performed with a 
solution of calf thvm us DMA having a concentration of DNA (about 20 ug/ml) that is 
"■O about the concentration of ola smid DNA in fermentation liquors. The experiments are 
performed with varying concentrations of NaCI. 

The adsorbent is equilibrated In 10 mM Tris/HCI, pH 8.0. 

The calf thymus DNA solution is made from a stock solution (2.0 mg/ml, 10 mM Tris, 
1 5 pH 8.0) by dilution with a 10 mM Tris/HCI. pH 8.0 buffer. NaCI is added to fractions 
of the diluted solutions to get varying concentrations NaCI (see incubation conditions): 

Incubation conditions (for 10 minutes): 

0.1 ml UFC PEI (20-40) + 4.0 ml 20 ^g DNA/ml, 10 mM Tris/HCI, pH 8.0 
20 0.1 ml UFC PEI (20-40) + 4.0 ml 20 ^9 DNA/ml, 25 mM NaCI, 10 mM Tris/HCI, pH 
8.0 

0.1 ml UFC PEI (20-40) -I- 4.0 ml 20 fig DNA/ml, 75 mM NaCI, 10 mM Tris/HCI. pH 
8.0 

" 1 ml UFC PFI (?0- 4 0) -H 4 0 ml ?n ^^^ f nN/\/ml n ? M Man , ^n rr.t.A Tri . /HCI. pH 

25 8.0 

0.1 ml UFC PEI (20-40) + 4.0 ml 20 pg DNA/ml, 0.5 M NaCI, 10 mM Tris/HCI, pH 
8.0 

0.1 ml UFC PEI (20-40) + 4.0 ml 20 ng DNA/ml, 0.75 M NaCI, 10 mM Tris/HCI, pH 
8.0 

30 0.1 ml UFC PEI (20-40) + 4.0 ml 20 ng DNA/ml, 1.0 M NaCI, 10 mM Tris/HCI, pH 
8.0 

0.1 ml UFC PEI (20-40) + 4.0 ml 20 ng DNA/ml. 1.5 M NaCI, 10 mM Tris/HCI, pH 
ft n 
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0.1 ml UFC PB (20-40) + 4.0 ml 20 DNA/ml, 2.1 M NaCI, 10 mM Tris/HCI, pH 
8.0 

0.1 ml UFC PEI (20-40) -I- 4.0 ml 20 DNA/ml, 3.1 M NaCI, 10 mM Tris/HCI, pH 8.0 
0.8 mg DNA is incubated per ml adsorbent. Absorbance is detected after 10 minutes 
5 Incubation time at 260 nm and compared to the absorbance in the DNA solutions 
before incubation. The absorbents where visually inspected after incubation to see if 
there where cross-linking or flocculation of the single beads. 



NaCI concentration 
(mM) 


Capacity 

(mg/ml adsorbent) 


Cross-linking 
(yes/no) 


0 


0.6 


Yes 


25 


0.7 


Yes 


75 


0.7 


Yes 


200 


0.6 


Yes 


500 


0.7 


No 


750 


0.05 


No 


1000 


0 


No 


1500 


0 


No 


2100 


0 


No 


3100 


0 


No 



10 Determination of the DNA binding capacity of UFC PEI (20-40) from a 20_ ^ig DNA/ml 

solution with 0.5 M NaCI 
I ncubation cunJiliuns (fur 60 i nii i ). " 

0.1 ml UFC PEI (20-40) + 10 ml 20 ^g DNA/ml, 0,5 M NaCI, 10 mM Tris/HCI, pH 8.0 

0.1 ml UFC PEI (20-40) -f- 20 ml 20 yig DNA/ml, 0.5 M NaCI, 10 mM Tris/HCI, pH 8,0 
15 0.1 ml UFC PEI (20-40) + 30 ml 20 ^g DNA/ml, 0.5 M NaCI, 10 mM Tris/HCI, pH 8.0 

0.1 ml UFC PEI (20-40) + 40 ml 20 ^g DNA/ml, 0.5 M NaCI, 10 mM Tris/HCI, pH 8.0 

The absorbance at 260 nm is measured in the incubated solution after 60 minutes, 
and compared to the absorbance at 260 nm in the DNA solution before incubation. 

20 
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DNA solution 
(ml) 


DNA adHp>rl/ml 
sdsorbsnt 


o 1 LCI IMUUUdllOri 


7b ddsorbec] 


Adsorption 
efficiency 
img uNA/mi 
adsorbent) 


10 


2.0 


0.034 


92 


1.94 


20 


4.0 


0.089 


79 


3.16 


30 


6.0 


0.140 


67 


4.02 


40 


8.0 


0.224 


49 


3.76 



The absorbance at 260 nm is measured in the solution before the incubations: 0.40 



which corresponds to a concentration of 20 jig/ml. 



Comments / conclusions: 
5 In batch adsorption studies at low DNA concentrations (20 jig/ml) we have observed 
extensive gelling of the prototype PEI-based anion exchanger whereas this effect was 
not seen at much higher DNA concentrations, e.g. 2 mg/ml. The addition of NaCI to a 
molarity of about 0.5 prevented this from occurring without reducing binding capacity. 
However, when the NaCI concentration was raised above 0.5 M a sharp decrease in 
10 DNA adsorption was observed. 

In static binding tests with DNA concentration of 20 ^ig/ml and 0.5 M NaCI the 
capacity of the adsorbent is about 4 mg/ml adsorbent. 



Example 6 

In this example is a breakthrough curves made for UFC PEI (20-40) in 

fluidised/expanded bed ads or p t io n with a DNA buluti c m u f abou t 20 uq/ml DNA. O.D M 

NaCI. 10 mM Tris/HCL pH 8.0 described. 

Equipment: Pump, column 1 cm in diameter, magnetic stirrer 

Method: Adsorbent: UFC PEI (20-40). Equilibrated adsorbent is filled into the column 
20 already containing a magnetic bar. The adsorbent is equilibrated with 0.5 M NaCI, 10 
mM Tris/HCI, pH 8.0. The settled bed height is 4 cm corresponding to 3.2 ml 
adsorbent. The adsorbent is expanded to 12 cm by a flow rate of 300 cm/min 
equilibration buffer and the magnetic stirrer is started with a speed that not will result 
in a mixing zone in the bottom of the column that is more than 1 cm. The adjustable 
25 outlet of the column is placed approximately 1 cm above the expanded bed. 
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The pump inlet is shifted to a DNA solution 18.0 ng/ml DNA, 0.5 M NaCI, 10 mM 
Tris/HCI, pH 8.0. The run through of the colunnn is collected in 50 ml fractions, which 
are analysed by Azeonm / anci the concentration of DNA, C, is calculated. The 
absorbance at 260 nm of the DNA solution before it is applied to the column is 0.36 
5 corresponding to a DNA concentration, Co* of 18.0 iig/ml. 



Fraction 


Total volume of DNA 
solution a|3plied (ml) 


Absorbance in run 
through 


% DNA in run through 
(C/C„) 


1 


50 


0.000 


0 


2 


100 


0.000 


0 


3 


1 50 


0.000 


0 


4 


200 


0.000 


0 


5 


250 


0.000 


0 


6 


300 


0.000 


0 


7 


350 


0.000 


0 


R 
w 


400 


0.000 


0 


g 


450 


0.000 


0 


1 0 


500 


0.000 


0 


1 1 


550 


0.000 


0 


1 2 


600 


0.001 


0.2 


13 


650 


0.001 


0.2 


14 


700 


0.002 


0.5 


15 


750 


0.003 


0.8 


16 


8UU 


O.OUb 


2.0 


17 


850 


0.011 


3.0 


18 


900 


0.018 


5.0 


19 


950 


0.021 


6.0 


20 


1000 


0.033 


10.0 


21 


1050 


0.053 


15.0 


22 


1100 


0.078 


23.0 


23 


1150 


0.103 


30.0 


24 


1200 


0.128 


37.0 


25 


1250 


0.133 


39.0 
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Comments/conclusion: 

There is 10% break through after 1000 ml is applied. That corresponds to 18 mg DNA 
applied. Thereby is the dynamic capacity 5.6 mg/ml adsorbent at 10 % break through. 

5 

Example 7 

in this example is a breakthrough curves made for UFC PEI (20-40) in 
fluidised/expanded bed adsorption with a DNA solution of about 20 ug/ml DNA. 10 
10 mM Tris/HCI, pH 8.0 described. 

Equipment: Pump, column 1 cm in diameter, magnetic stirrer 

Method: Adsorbent: UFC PEI (20-40). Equilibrated adsorbent is filled into the column 
already containing a magnetic bar. The adsorbent is equilibrated with 10 mM Tris/HCI, 
pH 8.0 The settled bed height is 4 cm corresponding to 3.2 ml adsorbent. The 

1 5 adsorbent is expanded to 1 2 cm by a flow rate of 300 cm/min equilibration buffer and 
the magnetic stirrer is started with a speed that does not result in a local mixing zone 
in the bottom of the column that is more than 1 cm. The adjustable outlet of the 
column is placed approximately 1 cm above the expanded bed. The pump inlet is 
shifted to the DNA solution 20.0 |ig/ml DNA, 10 mM Tris/HCI, pH 8,0, The run 

20 through of the column is collected in 50 ml fractions, which are analysed by A 260 
nm. The absorbance at 260 nm of the DNA solution before it is applied to the column 
is 0.39 corresponding to a DNA concentration of 19.5 ^g/ml. 
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Fraction 


Total volume of DNA 
solution applied (ml) 


Absorbance of run 
through at 260 nm 


% DNA in run through 
IC/Co) 


1 


50 


0.000 


0.0 


2 


100 


0.000 


0.0 


3 


150 


0.000 


0.0 


4 


200 


0.000 


0.0 


5 


250 


0.000 


0.0 


6 


300 


0.000 


0.0 


7 


350 


0.000 


0.0 


8 


400 


0.000 


0.0 


9 


450 


0.000 


0.0 


10 


500 


0.000 


0.0 


11 


550 


0.000 


0.0 


12 


600 


0.000 


0.0 


13 


650 


0.000 


0.0 


14 


700 


0.034 


9.0 



Comments/conclusion 

In the absence of NaCI breakthrough occurred after — 4 mg of DNA had been applied 
per ml of adsorbent. At this point severe gelation was observed and the media, in 
5 form of a plug, expanded out of the column. The experiment had to be stopped. 
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CLAIMS 

1 . A particulate material having a density of at least 2.5 g/ml, where the particles of 
the particulate material have an average diameter of 5-75 (im, and the particles of the 
5 particulate material are essentially constructed of a polymeric base matrix and a non- 
porous core material, said core material having a density of at least 3.0 g/ml, said 
polymeric base matrix including pendant groups which are positively charged at pH 
4.0 or which are affinity llgands for a bio-molecule. 

10 2. A material according to claim 1, wherein the average diameter of the particles is in 
the range of 10-60 jam, such as in the range of 12-49 p.m, preferable in the range of 
20-40 ^m. 

3. A material according to any of the preceding claims, wherein at least 95% of the 
15 particles have a diameter in the range of 5-80 ^m, such as 15-45 ^m, preferably In 

the range of 20-40 ^m. 

4. A material according to any of the preceding claims, wherein the density of the 
particles is at least 3.0, such as at least 3.5, preferably in the range of 3.5-10.0 g/ml. 



20 



25 



5. A material according to claim 1, wherein the pendant groups comprise chargeable 
moieties selected from polyethyleneimine, modified polyethyleneimine, 
poly(ethyleneimine/oxyethyIene), quaternary aminoethyl (QAE) and diethylaminoethyl, 
(HFAF) : 

6. A material according to claim 5, wherein the pendant groups are polyethyleneimine 
chains having an weight average molecular weight of at least 10,000 D, such as 
10,000-200,000 0. 



30 7. A material according to claim 5 or 6, wherein the pendant groups form a tentacular 
structure on the surface of the particle. 
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8. A material according to any of the preceding claims, wherein the core material has 
a density in the range of 6.0-12.0 g/mh 

9. A material according to any of the preceding claims, wherein the core material of at 
5 least 95% of the particles is a steel bead having a diameter in the range of 2-40 ^m, 

such as 15-38 ^m, preferably 15-35 ^m• 

10. A material according to any of the preceding claims, wherein at least 95% of the 
particles comprises one non-porous core material bead having a diameter which is at 

1 0 least 0.70, such as at least 0.80, preferably at least 0.85, of the diameter of the 
particle. 

1 1 . A material according to any of the claims 1-8, wherein the core material is 
constituted by more than one bead. 

15 

12. A material according to any of the preceding claims, wherein the core materia! 
constitutes 10-99%, preferably 50-95%, of the volume of the particles, and the 
polymer base matrix constitutes 1-90%, preferably 5-50%, of the volume of the 
particle. 

20 

13. A material according to any of the preceding claims, wherein the polymeric 
coating material is selected from polysaccharides, preferably agarose. 

14. A material according to any of the preceding claims, wherein at least 95% of the 
25 particles are substantially spherical. 

1 5. A particulate material having a density of in the range of 3.2-5.0 g/ml, where the 
particles of the particulate material have an average diameter of 1 5-45 )am, and the 
particles of the particulate material are essentially constructed of a polysaccharide 
30 base matrix and a core material, said core material having a density in the range of 
6.0-12.0 g/m^, said polysaccharide base matrix including pendant chains of 
polyethyleneimine, modified polyethyleneimine or poly{ethyleneimine/oxyethylene), 
said pendant groups forming a tentacular structure on the surface of the particle. 
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16. A method for the isolation or purification of a bio-macromolecule, wherein said 
bio-macromolecule is adsorbed to a particulate material as defined in any of the claims 
1-15. 

5 

17. A method according to claim 16, wherein the particulate material is present in 
fluidised form in a fluid bed column. 

18. A method for the purification of bio-macromolecule. the method comprising the 
1 0 steps of 

(a) contacting a feedstock comprising one or more bio-macromolecules with a fluidised 
bed of a particulate material as defined in any of the claims 1-15; 

1 5 (b) optionally washing the particulate material in order to separate impurities from the 
particulate material and the bio-macromolecule(s); and 

(c) eluting the bio-macromolecule(s) from the particulate material. 

20 1 9. A method according to claim 1 8, wherein the fluidised bed of the particulate 

material is washed with an equilibration buffer prior to contacting with the feedstock. 

20. A method according to claim 18 or 19, wherein the concentration of the bio- 
macromolecule in the feedstock is in the range of 0.1-3.000 ng/ml. 



21 . A method according to claim 20, wherein the feedstock comprising the bio- 
macromolecule(s) furthermore comprises NaCI in a concentration of 0.01-2.0 M. 



22. A method according to claim 20 or 21 , wherein the feedstock comprising the bio- 
30 macromolecule(s) furthermore comprises a buffer whereby the pH is in the range of 
4.0-8.0. 
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23. A method according to any of the claims 18-22, wherein the ratio between the 
bio-macromolecule and the particulate material (adsorbent) is in the range of 0.1-7.0 
mg bio-macromolecule/ml adsorbent. 

5 24. A method according to any of the claims 18-23, wherein the macromolecule has a 
molecular weight of at least 20,000. 

25. A method according to any of the claims 18-24, wherein the particulate material 
having adsorbed thereto the bio-macromolecule is washed (step b) with an aqueous 

10 equilibration buffer including NaCI. 

26. A method according to any of the claims 18-25, wherein the particulate material 
having adsorbed thereto the bio-macromolecule is eluted with a NaCI gradient and/or 
NaOH buffer. 

15 

27. A method according to any of the claims 18-26, wherein the particulate material 
is a defined in claim 30. 

28. A method according to any of the claims 18-27, wherein the bio-macromolecule is 
20 an nucleic acid. 

29. A method according to claim 28, wherein the nucleic acid is plasmid DNA. 

30. The use of a particulate material as defined in any of the claims 1-15 for use in 
25 chromatographic processes. 

31 . A method according to claim 18, wherein the fluidised bed is a stabilised 
expanded bed without significant back-mixing. 
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